Abstract: Recently, sensorless controls, which eliminate position and speed sensors in a permanent magnet synchronous motor drive, have been much studied. Most sensorless control algorithms are based on speed estimations which are obtained from the voltage equations. This paper proposes a sensorless speed control of PMSM based on the Unscented Kalman Filter. The Unscented Kalman Filter theory can omit linearization process and prevent error problems due to the linearization compared to the Extended Kalman Filter. In the UKF for a sensorless speed control of PMSM, two stationary reference frame currents, speed, and rotor position are estimated. The proposed algorithm is demonstrated through the simulation and experiment.
INTRODUCTION
The vector control in the speed and torque controlled ac drive is widely used for a high performance application. The Permanent Magnet Synchronous Motor(PMSM) has a large amount of merits which are a high degree of efficiency, high quality of torque, high density of electric power, high precision control, a high speed operation and so on. Those merits cause the PMSM to ne applied widely in industrial fields and for electric home appliances. The vector control of a PMSM is typically implemented through measuring the rotor speed or position. However, speed and position sensors require the additional mounting space, reduce the reliability in harsh environments and increase the cost of a motor. Various control algorithms for the elimination of speed and position sensors have been proposed [1] [2] [3] [4] [5] [6] : Estimators using state equations, Luenberger of Kalman-Filter observers, sliding mode control, artificial intelligence, direct control of torque and flux, and so on. Most sensorless control algorithms are based on the flux and speed estimations which are obtained from the voltage equations, and so they are sensitive to the errors of voltage and current. But the measurements are always corrupted with some amount of error, including random noise. This paper investigates an improved state observer with the Unscented Kalman Filter(UKF) in the sensorless control of a PMSM. The Extended Kalman Filter(EKF) has become a standard technique used in a number of nonlinear estimation, and the EKF has been utilized in the sensorless control of the PMSM. A central and vital operation performed in the Kalman Filter is the propagation of a Gaussian Random Variable(GRV), through the system dynamics. In the EKF, the state distribution is approximated by a GRV, which is then propagated analytically through the first-order linearization of the nonlinear system. This can introduce large errors in the true posterior mean and covariance of the transformed GRV, which may lead to sub-optimal performance and sometimes divergence of the filter. The UKF addresses this problem by using deterministic sampling approach [7] [8] [9] [10] . The sensorless speed control of the PMSM using the UKF is demonstrated through the simulation and experimentation. From (1)- (3), α -and β -axis voltage equations in the stationary reference frame fixed to the stator and the back-EMF in the stationary reference frame fixed to the stator are defined as 
MATHEMATICAL MODELING OF PMSM
The electromagnetic torque in the rotor reference frame may be expressed as 
UNSCENTED KALMAN FILTER
The discrete-time nonlinear state equations including the system and measurement noise in a PMSM drive may be expressed
where k w and k z are the process and observation noises which are both assumed to be zero mean multivariate Gaussian noises with covariance 
Where the weighted sigma points are recombined to produce the predicted state and covariance, and i W is the weight for the state and covariance.
The UKF consists of four state variables which are two stationary reference frame currents and estimate speed and estimate angle. Since the mechanical variables tends to change rapidly and are hard to measure correctly, the state variables consists of only electrical variables.
X is state vector, v is input vector and y is output vector. Therefore 
The overall system of the proposed sensorless PMSM drive is shown in Fig.3 . 
SIMULATION
The simulation and experimentation have been performed to verify the proposed algorithm applied to a sensorless PMSM. Table 1 shows the specification of the PMSM used in the simulation and experimentation. Fig 5. is the simulation result obtained in the operation of the speed command 100 rpm and 500 rpm in the no load. The UKF sensorless speed control has good speed response in the low(100 rpm) and high(500 rpm) speeds. And also Comparing real rotor position and estimated rotor position is very similar. The proposed sensorless control algorithm has a good speed response and rotor position. Also UKF observer has a good noise removal as shown in the simulation
EXPERIMENTS AND DISCUSSIONS
The experimentation is performed in the same cases as the simulation. The microprocessor system is used for the digital processing of the proposed algorithm.
As with the simulation, Fig 8. And Fig 9. , The estimated performance of UKF is tested. The UKF sensorless speed control has good speed response in the low(100 rpm) and high(500 rpm) speeds. The experimentation has been performed to verify the proposed algorithm applied to a sensorless PMSM. The proposed sensorless control algorithm has a less speed error as shown in the simulation and experimental results.
CONCLUSIONS
This paper investigates a vector control method without speed sensor of PMSM. The electrical angle and motor speed which is essential in vector control is estimated from the UKF. The Unscented Kalman Filter consists of four state variables which are two stationary reference frame currents and estimate speed and estimate angle. The simulation and experimentation speed response is good enough to use in a variable speed control and proposed algorithm has a good noise removal. Compared with EKF, UKF is capable to estimate more precise speed and current than EKF 
